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(54) INSERT ASSEMBLY, BLADE, GAS TURBINE, AND BLADE MANUFACTURING METHOD

(57) An insert assembly (79) includes an insert (80),
a reinforcing member (85), and a retaining member (90).
The insert (80) is fixed to an end of an airfoil body (51)
on one side in a radial direction. The reinforcing member
(85) is disposed adjacent to an end of the insert (80) on
the other side in the radial direction and enhances the
rigidity of the insert (80). The retaining member (90) is
fixed to an end of the airfoil body (51) on the other side
in the radial direction, and allows the insert (80) to be
positioned relative to the airfoil body (51) in a direction
orthogonal to the radial direction.
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Description

Technical Field

[0001] The present invention relates to an insert as-
sembly, an airfoil, a gas turbine, and an airfoil manufac-
turing method.
[0002] The present application claims priority based
on Japanese Patent Application No. 2016-031195 filed
in Japan on February 22, 2016, the contents of which are
incorporated herein by reference.

Background Art

[0003] Most gas turbines have cooling air circulating,
for example, through the inside of airfoils such as stator
vanes. Such an airfoil has an airfoil air passage for cir-
culating cooling air through the inside of the airfoil. A cy-
lindrical body like an insert having a large number of holes
is disposed inside this airfoil air passage to perform im-
pingement cooling on airfoil walls with cooling air. The
cooling air after impingement cooling is discharged into
combustion gas through a plurality of cooling holes pro-
vided in the airfoil walls, and performs film cooling on the
airfoil walls in the process.
[0004] This type of cylindrical body undergoes thermal
elongation differently from the airfoil body. In such a case,
therefore, a first end of two ends of the cylindrical body
is fixed to the airfoil body by seal welding or brazing, while
a second end is left free relative to elongation of the cy-
lindrical body in a longitudinal direction. This allows the
cylindrical body to absorb a difference in thermal elon-
gation while maintaining a sealing effect between the air-
foil body and the cylindrical body.
[0005] Patent Literature 1 describes a configuration for
absorbing a difference in thermal elongation of an insert.
According to Patent Literature 1, a free end of the insert
is retained by a retaining member so that cooling air does
not leak through a gap at the free end.

Citation List

Patent Literature

[0006] Patent Literature 1: Japanese Patent Laid-
Open No. 2012-246785

Summary of Invention

Technical Problem

[0007] However, it cannot be said that the sealing per-
formance of the insert is sufficiently secured in the struc-
ture of Patent Literature 1.
[0008] An object of the present invention is to provide
an insert assembly that can secure stable sealing per-
formance of an insert, an airfoil, a gas turbine, and an
airfoil manufacturing method.

Solution to Problem

[0009] According to a first aspect of the present inven-
tion, an insert assembly is disposed in a turbine airfoil
composed of an airfoil body, an outer shroud, and an
inner shroud. The outer shroud and the inner shroud are
formed respectively at both ends of the airfoil body in a
radial direction. The insert assembly is provided inside
an airfoil air passage through which cooling air is supplied
into the airfoil body. The insert assembly includes an in-
sert, a reinforcing member, and a retaining member. The
insert is formed as a cylindrical body having a plurality
of cooling holes. The insert is fixed to an end of the airfoil
body on one side in the radial direction. The reinforcing
member has a plate shape and is provided inside the
insert. The reinforcing member extends in a direction or-
thogonal to the radial direction, and is fixed at both ends
to an inner circumferential surface of the cylindrical body.
Moreover, the insert is disposed adjacent to an end of
the cylindrical body on the other side in the radial direc-
tion. The retaining member is fixed to an end of the airfoil
body on the other side in the radial direction. The retaining
member has an annular shape. The retaining member
comes in contact with an end of the insert so as to form
a sealing interface on which the insert is slidable in the
radial direction. This retaining member allows the insert
to be positioned relative to the airfoil body in a direction
orthogonal to the radial direction.
[0010] When such an insert assembly is provided, the
rigidity of the insert is enhanced by the reinforcing plate
provided near the other end of the insert in the radial
direction. It is therefore possible to suppress an increase
in the outside diameter of the end of the insert and prevent
a gap from forming at the sealing interface between the
insert and the retaining member, so that leakage of cool-
ing air through the sealing interface is suppressed. As a
result, air leakage is reduced and stable cooling perform-
ance can be secured.
[0011] According to a second aspect of the present
invention, in the insert assembly according to the first
aspect, the sealing interface may be formed on an inner
circumferential surface of the end of the insert.
[0012] According to a third aspect of the present inven-
tion, in the insert assembly according to the first aspect,
the sealing interface may be formed on an outer circum-
ferential surface of the end of the insert.
[0013] According to a fourth aspect of the present in-
vention, the insert assembly according to any one of the
first to third aspects may have an L-sectional shape that
is tapered toward the one end of the airfoil body in the
radial direction. The insert assembly may include a po-
sitioning part, a positioning protrusion, and a flange. The
positioning part is formed at a leading end on the side of
the one end in the radial direction and has an annular
shape. The positioning protrusion is formed adjacent to
the positioning part, on the side of the other end in the
radial direction, and has a larger diameter than the posi-
tioning part. The flange is fixed to the airfoil body. The
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flange is disposed adjacent to the positioning protrusion,
on the side of the other end in the radial direction, and
has a larger diameter than the positioning protrusion.
[0014] When such an insert assembly is provided, po-
sitioning the insert relative to the airfoil air passage is
made easier.
[0015] According to a fifth aspect of the present inven-
tion, the insert assembly according to the fourth aspect
may include a positioning part that is fitted in the radial
direction on the other end of the insert.
[0016] This configuration makes it easier to position
the insert relative to the retaining member by means of
the positioning part.
[0017] According to a sixth aspect of the present in-
vention, the insert assembly according to the fourth as-
pect may include a positioning protrusion of which a side
surface is fitted in an opening of the airfoil air passage
on the side of the other end.
[0018] This configuration makes it easier to position
the retaining member relative to the airfoil air passage
by means of the positioning protrusion, and thus also
makes it easier to position the insert relative to the airfoil
air passage.
[0019] According to an aspect of the present invention,
the insert assembly may include a reinforcing member
that covers the entire area of a passage cross-section of
an inner cavity surrounded by the insert.
[0020] According to a seventh aspect of the present
invention, the insert assembly according to any one of
the first to sixth aspects may include a reinforcing mem-
ber having at least one through-hole.
[0021] In this configuration, the reinforcing member
has at least one through-hole (vent hole), so that dust in
the inner cavity can be moved through the through-hole
into a dust housing space to remove dust from the inner
cavity. The reinforcing member can also be used as a
flow regulating plate that adjusts the flow rate of cooling
air supplied to the inner cavity.
[0022] According to an eighth aspect of the present
invention, the insert assembly according to any one of
the first to seventh aspects may include a cover plate
that closes an opening provided at the other end of the
airfoil body.
[0023] In this configuration, fixing the cover plate to the
airfoil body can prevent leakage of cooling air from inside
the airfoil body.
[0024] According to a ninth aspect of the present in-
vention, the insert assembly according to the eighth as-
pect may include a reinforcing member having a through-
hole that is a vent hole through which dust accumulating
in a space inside the insert is removed. The insert may
have a dust housing space surrounded by the reinforcing
member and the cover plate, and the retaining member
may be formed so as to be fittable in the insert with the
sealing interface therebetween.
[0025] In this configuration, the dust housing space is
formed between the reinforcing member and the cover
plate, and dust can be moved from the space inside the

insert into the dust housing space through the vent hole.
Since dust can be housed in the dust housing space, the
dust can be prevented from clogging a cooling hole of
the insert etc.
[0026] According to a tenth aspect of the present in-
vention, the insert assembly according to the ninth aspect
may include a retaining member to which the cover plate
is fixed and which is integrated with the cover plate.
[0027] This configuration can reduce the number of
components and make maintenance work easier.
[0028] According to an eleventh aspect of the present
invention, the cover plate according to the ninth aspect
may be fixed to the retaining member. The cover plate
may be integrated with the retaining member.
[0029] According to a twelfth aspect of the present in-
vention, an airfoil includes the insert assembly according
to any one of the first to eleventh aspects.
[0030] According to a thirteenth aspect of the present
invention, a gas turbine includes the airfoil according to
the twelfth aspect.
[0031] According to a fourteenth aspect of the present
invention, an airfoil manufacturing method includes a
step of forming an insert that is insertable into an airfoil
air passage that is formed so as to extend from an outer
shroud to an inner shroud of an airfoil. The airfoil manu-
facturing method further includes a step of fixing a rein-
forcing member to an inner circumferential surface of the
insert so as to integrate the reinforcing member with the
insert. The airfoil manufacturing method further includes
a step of forming a retaining member that allows a first
end of the insert to be positioned relative to the airfoil air
passage. The airfoil manufacturing method further in-
cludes a step of fixing a flange of the retaining member
to a rim of a first opening of the airfoil air passage. The
airfoil manufacturing method further includes a step of
inserting the insert into the airfoil air passage through a
second opening located on the opposite side from the
first opening in which the retaining member is mounted,
and positioning the first end of the insert by the retaining
member. The airfoil manufacturing method further in-
cludes a step of fixing a second end of the insert to a rim
of the second opening of the airfoil air passage.
[0032] This configuration allows the insert to be dis-
posed at its correct position relative to the airfoil air pas-
sage by a simple procedure. As a result, airfoil assembly
does not require skillfulness, and burden on assembly
workers can be relieved.
[0033] According to the fourteenth aspect of the
present invention, the gas turbine includes the airfoil ac-
cording to the twelfth aspect.

Advantageous Effects of Invention

[0034] According to the above-described insert as-
sembly, airfoil, gas turbine, and airfoil manufacturing
method, the insert assembly can stably maintain excel-
lent sealing performance, so that a decrease in thermal
efficiency of the gas turbine can be suppressed. Moreo-

3 4 



EP 3 392 462 A1

4

5

10

15

20

25

30

35

40

45

50

55

ver, the insert assembly can be easily assembled, and
stable cooling performance of the airfoil can be secured.

Brief Description of Drawings

[0035]

[FIG. 1] FIG. 1 is a schematic sectional view of a gas
turbine in a first embodiment of the present invention.
[FIG. 2] FIG. 2 is a sectional view of main parts of
the gas turbine in the first embodiment of the present
invention.
[FIG. 3] FIG. 3 is a perspective view of a stator vane
in the first embodiment of the present invention.
[FIG. 4] FIG. 4 is a sectional plan view of an airfoil
air passage in the first embodiment of the present
invention.
[FIG. 5] FIG. 5 is a sectional view of a rim of an open-
ing of the airfoil air passage in the first embodiment
of the present invention.
[FIG. 6] FIG. 6 is a flowchart of an airfoil manufac-
turing method in the first embodiment of the present
invention.
[FIG. 7] FIG. 7 is a sectional view of a rim of an open-
ing of an airfoil air passage in a second embodiment
of the present invention.
[FIG. 8] FIG. 8 is a sectional view of a rim of an open-
ing of an airfoil air passage in a third embodiment of
the present invention.
[FIG. 9] FIG. 9 is a sectional view of a modified ex-
ample of the rim of the opening of the airfoil air pas-
sage in the third embodiment of the present inven-
tion.

Description of Embodiments

First Embodiment

[0036] In the following, an insert assembly, an airfoil,
a gas turbine, and an airfoil manufacturing method ac-
cording to a first embodiment of the present invention will
be described based on the drawings.

Embodiment of Gas Turbine

[0037] FIG. 1 is a schematic sectional view of a gas
turbine in the first embodiment of the present invention.
FIG. 2 is a sectional view of main parts of the gas turbine
in the first embodiment of the present invention.
[0038] As shown in FIG. 1, a gas turbine 10 in this
embodiment includes a compressor 20, combustors 30,
and a turbine 40. The compressor 20 compresses air A.
The combustor 30 generates combustion gas by com-
busting fuel in the air A compressed by the compressor
20. The turbine 40 is driven by the combustion gas.
[0039] The compressor 20 has a compressor rotor 21,
a compressor casing 25, and a stator vane stage 26. The
compressor rotor 21 rotates around an axis Ar. The com-

pressor casing 25 covers the compressor rotor 21. A plu-
rality of stator vane stages 26 is provided.
[0040] The turbine 40 includes a turbine rotor 41, a
turbine casing 45, and a stator vane stage 46. The turbine
rotor 41 rotates around the axis Ar. The turbine casing
45 covers the turbine rotor 41. A plurality of stator vane
stages 46 is provided.
[0041] The compressor rotor 21 and the turbine rotor
41 are located on the axis Ar. The compressor rotor 21
and the turbine rotor 41 are connected to each other to
form a gas turbine rotor 11. For example, the gas turbine
rotor 11 is connected to a rotor of a generator GEN.
[0042] The compressor casing 25 and the turbine cas-
ing 45 are connected to each other to form a gas turbine
casing 15.
[0043] In the following description of the first embodi-
ment, the direction in which the axis Ar extends will be
referred to as an axial direction Da. A circumferential di-
rection around the axis Ar will be referred to simply as a
circumferential direction Dc, and a direction perpendic-
ular to the axis Ar will be referred to as a radial direction
Dr. In the axial direction Da, the side of the compressor
20 with respect to the turbine 40 will be referred to as an
upstream side Dau, and the opposite side will be referred
to as a downstream side Dad. In the radial direction Dr,
the side closer to the axis Ar will be referred to as a radially
inner side Dri, and the opposite side will be referred to
as a radially outer side Dro.
[0044] The compressor rotor 21 includes a rotor shaft
22 and a plurality of rotor blade stages 23. The rotor shaft
22 extends in the axial direction Da around the axis Ar.
The rotor blade stages 23 are arrayed in the axial direc-
tion Da and each mounted on the rotor shaft 22. Each
rotor blade stage 23 includes a plurality of rotor blades
23a. In the rotor blade stage 23, these rotor blades 23a
are arrayed in the circumferential direction Dc. One stator
vane stage 26 is disposed on the downstream side Dad
of each rotor blade stage 23. The stator vane stages 26
are provided on the inner side of the compressor casing
25. Each stator vane stage 26 includes a plurality of stator
vanes 26a. In the stator vane stage 26, these stator vanes
26a are arrayed in the circumferential direction Dc.
[0045] As shown in FIG. 2, the turbine rotor 41 includes
a rotor shaft 42 and a plurality of rotor blade stages 43.
The rotor shaft 42 extends in the axial direction Da around
the axis Ar. The rotor blade stages 43 are mounted on
the rotor shaft 42.
[0046] The rotor blade stages 43 are arrayed in the
axial direction Da. Each rotor blade stage 43 is composed
of a plurality of rotor blades 43a. The rotor blades 43a
are arrayed in the circumferential direction Dc. One stator
vane stage 46 is disposed on the upstream side Dau of
each rotor blade stage 43. The stator vane stages 46 are
provided on the inner side of the turbine casing 45. Each
stator vane stage 46 includes a plurality of stator vanes
46a. The stator vanes 46a are arrayed in the circumfer-
ential direction Dc.
[0047] The turbine casing 45 includes an outer casing
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45a, an inner casing 45b, and a plurality of ring segments
45c. The outer casing 45a has a cylindrical shape. The
inner casing 45b is fixed on the inner side of the outer
casing 45a. The ring segments 45c are fixed on the inner
side of the inner casing 45b. The ring segments 45c are
each provided between the adjacent stator vane stages
46. One rotor blade stage 43 is disposed on the radially
inner side Dri of these ring segments 45c.
[0048] A space between the rotor shaft 42 and the tur-
bine casing 45 forms a combustion gas flow passage 49
through which combustion gas G from the combustor 30
flows. The stator vanes 46a and the rotor blades 43a are
disposed in the combustion gas flow passage 49. The
combustion gas flow passage 49 has an annular shape
that is centered at the axis Ar and long in the axial direc-
tion Da.
[0049] The inner casing 45b of the turbine casing 45
includes cooling air passages 45p that extend through
the inner casing 45b from the radially outer side Dro to
the radially inner side Dri. Cooling air having passed
through the cooling air passage 45p is introduced into
the stator vane 46a and the ring segment 45c and used
to cool the stator vane 46a and the ring segment 45c. In
some cases, air inside the gas turbine casing 15 is sup-
plied as cooling air, without passing through the cooling
air passage of the casing, to the stator vanes 46a of some
of the stator vane stages 46.

Embodiment of Airfoil

[0050] Next, an airfoil in the first embodiment of the
present invention will be described based on the draw-
ings. The airfoil in this embodiment is a stator vane of a
gas turbine.
[0051] FIG. 3 is a perspective view of the stator vane
in the first embodiment of the present invention.
[0052] As shown in FIG. 3, the stator vane 46a includes
an airfoil body 51, an inner shroud 60i, and an outer
shroud 60o. The airfoil body 51 extends in the radial di-
rection Dr.
[0053] The inner shroud 60i is formed on the radially
inner side Dri of the airfoil body 51. The outer shroud 60o
is formed on the radially outer side Dro of the airfoil body
51.
[0054] The airfoil body 51 is disposed inside the com-
bustion gas flow passage 49 (see FIG. 2). The combus-
tion gas G passes through the combustion gas flow pas-
sage 49.
[0055] An end of the airfoil body 51 on the upstream
side Dau constitutes a leading edge 52. An end of the
airfoil body 51 on the downstream side Dad constitutes
a trailing edge 53. Of the airfoil body 51, one of surfaces
(outer surfaces) facing the circumferential direction Dc
is a convex surface, while the other surface is a concave
surface. The convex surface constitutes a suction-side
surface 54 (= negative pressure surface), while the con-
cave surface constitutes a pressure-side surface 55 (=
positive pressure surface).

[0056] In the following description, for the convenience
of description, a pressure side (= positive pressure sur-
face side) of the airfoil body 51 in the circumferential di-
rection Dc will be referred to as a circumferential pressure
side Dcp, and a suction side (= negative pressure surface
side) of the airfoil body 51 will be referred to as a circum-
ferential suction side Dcn.
[0057] The outer shroud 60o has an outer shroud body
61 and a peripheral wall 65. The outer shroud body 61
has a plate shape spreading in the axial direction Da and
the circumferential direction Dc. The peripheral wall 65
extends along an outer peripheral edge of the outer
shroud body 61, and protrudes from the outer shroud
body 61 toward the radially outer side Dro.
[0058] The outer shroud body 61 includes a front end
surface 62f, a back end surface 62b, a pressure-side end
surface 63p, a suction-side end surface 63n, and a gas
path surface 64. The front end surface 62f is an end sur-
face on the upstream side Dau. The back end surface
62b is an end surface on the downstream side Dad. The
pressure-side end surface 63p is an end surface on the
circumferential pressure side Dcp. The suction-side end
surface 63n is an end surface on the circumferential suc-
tion side Dcn. The gas path surface 64 faces the radially
inner side Dri.
[0059] A recess 66 recessed toward the radially inner
side Dri is formed in the outer shroud 60o. The recess
66 is formed by the outer shroud body 61 and the periph-
eral wall 65.
[0060] Here, the outer shroud 60o described above
and the inner shroud 60i have basically the same struc-
ture. Therefore, detailed description of the inner shroud
60i will be omitted.
[0061] A plurality of airfoil air passages 71 (cavities)
extending in the radial direction Dr is formed inside the
airfoil body 51, the outer shroud 60o, and the inner shroud
60i. Each airfoil air passage 71 is formed continuously
from the outer shroud 60o through the airfoil body 51 to
the inner shroud 60i. The airfoil air passages 71 are ar-
rayed along the chord of the airfoil body 51. Some of the
airfoil air passages 71 that are adjacent to each other
communicate with each other at a part on the radially
outer side Dro or a part on the radially inner side Dri so
as to form a serpentine flow passage.
[0062] One of the airfoil air passages 71 is open in the
recess 66 of the outer shroud 60o. This one of the airfoil
air passages 71 is also open in the recess of the inner
shroud 60i. In other words, some of the airfoil air passag-
es 71 are formed so as to extend from the outer shroud
60o to the inner shroud 60i. Part of the cooling air Ac
supplied to the radially outer side Dro or the radially inner
side Dri of the stator vane 46a flows into this airfoil air
passage 71 through an opening of the airfoil air passage
71 (an opening 71b on the side of the inner shroud 60i
or an opening 71c on the side of the outer shroud 60o).
[0063] The leading edge 52 and the trailing edge 53 of
the airfoil body 51 have a plurality of airfoil surface blow-
out passages 72 that extends therethrough from the air-
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foil air passage 71 to the combustion gas flow passage
49. The airfoil body 51 is cooled in the process of the
cooling air Ac flowing through the inside of the airfoil air
passages 71. The cooling air Ac having flowed into the
airfoil air passage 71 flows out through the airfoil surface
blow-out passages 72 into the combustion gas flow pas-
sage 49. Thus, the leading edge 52 and the trailing edge
53 of the airfoil body 51 are cooled in the process of the
cooling air Ac flowing out through the airfoil surface blow-
out passages 72. Part of the cooling air Ac having flowed
out through the airfoil surface blow-out passages 72 into
the combustion gas flow passage 49 serves also as film
air by partially covering a surface of the airfoil body 51.
[0064] FIG. 4 is a sectional plan view of the airfoil air
passage in the first embodiment cut along a plane or-
thogonal to the radial direction. FIG. 5 is a sectional view
of a rim of an opening of the airfoil air passage in the first
embodiment.
[0065] An insert assembly 79 including an insert 80, a
reinforcing member 85, and a retaining member 90 is
disposed inside the airfoil air passage 71. The insert 80
is provided to perform impingement cooling on an inner
circumferential surface 71a of the airfoil body 51. The
reinforcing member 85 enhances the rigidity of the insert
80. The retaining member 90 retains the insert 80 on the
airfoil body 51. A direction that is orthogonal to the radial
direction Dr and traverses the passage cross-section of
the airfoil air passage 71 will be referred to as an insert
radial direction Dir.
[0066] The insert 80 is a cylindrical body formed by a
thin plate. The insert 80 is disposed so that the entire
circumference thereof is the same distance away from
the inner circumferential surface (inner wall surface) 71a
of the airfoil air passage 71. Thus, an insert cavity 81 that
is an annular space is formed between the inner circum-
ferential surface 71a of the airfoil body 51 and an outer
circumferential surface 80a of the insert 80.
[0067] Two seal dams 83 extending in the radial direc-
tion Dr are formed on the inner circumferential surface
71a of the airfoil air passage 71. The seal dams 83 have
roughly the same length as the insert 80 in the radial
direction Dr. The insert cavity 81 is divided by the seal
dams 83 into two spaces in a circumferential direction of
the insert 80. These two spaces communicate with the
combustion gas flow passage 49 through the airfoil sur-
face blow-out passages 72 formed in the airfoil body 51.
Therefore, pressures in these two spaces are different
from each other due to the influence of the pressure in
combustion gas flow passage 49.
[0068] The insert 80 has a plurality of impingement
holes 82 that provides communication between a space
inside the insert 80 (inner cavity 80b) and a space outside
the insert 80 (insert cavity 81). Although this is not shown,
an outer flange is formed at an end 88 (FIG. 3; a second
end or one end) of the insert 80 on the radially outer side
Dro, and this outer flange is fixed by welding etc. to an
end edge of the airfoil body 51.
[0069] An end 84 (a first end or the other end) of the

insert 80 on the radially inner side Dri slides on the re-
taining member 90 while remaining in contact therewith.
A sealing interface is formed between the retaining mem-
ber 90 and the end 84 of the insert 80 (the detailed struc-
ture will be described later). The second end refers to
the end 88 of the insert 80 at which the insert 80 is fixed
to the airfoil body 51, while the first end refers to the end
84 of the insert 80 at which the insert 80 slides on the
retaining member 90.
[0070] As shown in FIG. 5, the insert 80 further includes
the reinforcing member 85. The reinforcing member 85
is formed at a position adjacent to the end 84 of the insert
80 on the radially inner side Dri and separated from the
end 84 toward the radially outer side Dro. The reinforcing
member 85 has such a plate shape as to close the entire
area of the passage cross-section of the insert 80 as
seen from the radial direction Dr. End edges of the rein-
forcing member 85 are bent at a right angle toward the
radially inner side Dri from a main body 85a of the rein-
forcing member 85 to form mount portions 85b. The
mount portions 85b are fixed by welding etc. to an inner
circumferential surface 80c of the insert 80.
[0071] In this embodiment, at least one vent hole 87
that is a through-hole is formed in the main body 85a of
the reinforcing member 85. Moreover, in this embodi-
ment, a dust housing space 100 is disposed on the radi-
ally inner side Dri from the main body 85a as a border.
The dust housing space 100 communicates with the inner
cavity 80b through the vent hole 87. The vent hole 87
has a minimum required size that allows passage of only
dust contained in the cooling air Ac. Dust contained in
the cooling air Ac moves from the inner cavity 80b into
the dust housing space 100 through the vent hole 87,
and accumulates in the dust housing space 100. The
dust accumulating in the dust housing space 100 is re-
moved from the dust housing space 100 during mainte-
nance, for example.
[0072] As shown in FIG. 5, the retaining member 90
constituting part of the insert assembly 79 has an annular
shape. Moreover, the retaining member 90 has an L-
sectional shape when seen from the insert radial direction
Dir. The retaining member 90 has a positioning part 91
(first positioning part). The positioning part 91 is formed
at a leading end of the retaining member 90 on the radially
outer side Dro. The positioning part 91 has an annular
thin plate shape.
[0073] The retaining member 90 includes a plate-
shaped flange 92 at an end on the radially inner side Dri.
A side surface 92a of the flange 92 in the insert radial
direction Dir is disposed farther on the outer side in the
insert radial direction Dir than the inner circumferential
surface 71a of the airfoil air passage 71. In other words,
the flange 92 has a larger diameter than the inner cir-
cumferential surface 71a of the airfoil air passage 71.
[0074] A positioning protrusion 93 (second positioning
part) is disposed between the positioning part 91 and the
flange 92. The positioning protrusion 93 protrudes farther
outward in the insert radial direction Dir than the outer
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circumferential surface 80a of the insert 80. In other
words, the positioning protrusion 93 has a larger diameter
than the outer circumferential surface 80a. Moreover, the
positioning protrusion 93 has a smaller diameter in the
insert radial direction Dir than the inner circumferential
surface 71a of the airfoil air passage 71.
[0075] The retaining member 90 is an annular member
formed by integrating the positioning part 91, the posi-
tioning protrusion 93, and the flange 92. The retaining
member 90 is fitted in the opening (first opening) 71b of
the airfoil air passage 71 on the radially inner side Dri.
Here, outward in the insert radial direction Dir refers to a
direction from a centerline of the insert 80 extending in
the radial direction Dr toward the inner circumferential
surface 71a of the airfoil air passage 71 in the insert radial
direction Dir.
[0076] The positioning part 91 allows the end 84 of the
insert 80 to be positioned in the insert radial direction Dir
relative to the inner circumferential surface (inner wall
surface) 71a of the airfoil air passage 71. Moreover, the
positioning part 91 restrains the end 84 of the insert 80
from moving in the insert radial direction Dir of the airfoil
body 51. An outer circumferential surface 91b of the po-
sitioning part 91 in this embodiment has a slightly larger
diameter than an inner circumferential surface 84a of the
end 84. The positioning part 91 has such a cylindrical
shape that it can be fitted in contact with the inner cir-
cumferential surface 84a of the end 84 of the insert 80.
That is, the inner circumferential surface 84a of the end
84 of the insert 80 is in contact with the retaining member
90, without being fixed by welding etc., through the outer
circumferential surface 91b of the positioning part 91.
Thus, the sealing interface is formed between the outer
circumferential surface 91b of the retaining member 90
and the inner circumferential surface 84a of the end 84.
[0077] As will be described in detail later, an outer cir-
cumferential surface 93a of the positioning protrusion 93
of the retaining member 90 in the insert radial direction
Dir is in contact with the inner circumferential surface 71a
of the opening 71b of the airfoil body 51. Thus, the outer
circumferential surface 93a of the retaining member 90
is positioned relative to the airfoil body 51 in the insert
radial direction Dir.
[0078] The positioning part 91 of the insert 80 is slid-
able relative to the end 84 in the radial direction Dr. There-
fore, even when a difference in thermal elongation occurs
between the insert 80 and the airfoil body 51, no thermal
stress is exerted on the insert 80.
[0079] A certain clearance may be left between ends
of the mount portions 85b of the reinforcing member 85
on the radially inner side Dri and a leading end of the
positioning part 91. When such a clearance is left, the
insert 80 undergoing thermal elongation in the radial di-
rection Dr will not interfere with the leading end of the
positioning part 91 facing the radially outer side Dro. In
this case, the mount portions 85b can be disposed adja-
cent to the end 84 and be fixed to the inner circumferential
surface 84a of the end 84 so as to keep a certain clear-

ance from the positioning part 91. This certain clearance
is large enough if a difference in thermal elongation of
the insert 80 in the radial direction Dr can absorbed. Here,
for example, the outside diameter of the insert 80 is a
width dimension h that is largest in the cross-section of
the insert 80 shown in FIG. 4.
[0080] The flange 92 is fixed to the rim of the opening
71b of the airfoil air passage 71, for example, through a
welded joint formed by fillet welding etc. The flange 92
in this embodiment is fixed to the rim of the opening 71b
through a welded joint w1 formed by fillet welding at a
corner between the side surface 92a and the end edge
of the airfoil body 51. The welded joint w1 is formed along
the entire circumference of the flange 92. This prevents
the cooling air Ac from leaking through a gap between
the flange 92 and the airfoil body 51.
[0081] The positioning protrusion 93 allows the retain-
ing member 90 to be positioned relative to the airfoil body
51 in the insert radial direction Dir. The positioning pro-
trusion 93 is fitted by loose fitting etc. into the opening
71b of the airfoil air passage 71. This loose-fitting struc-
ture allows the retaining member 90 to be positioned in
the insert radial direction Dir relative to the airfoil air pas-
sage 71 of the airfoil body 51. Thus, the inner circumfer-
ential surface 71a of the airfoil air passage 71 and the
outer circumferential surface 93b of the positioning pro-
trusion 93 come in contact with each other in the insert
radial direction Dir along the entire circumference. As a
result, an equal distance is kept along the entire circum-
ference between the outer circumferential surface 80a
of the insert 80 positioned by the positioning part 91 and
the inner circumferential surface 71a of the airfoil air pas-
sage 71.
[0082] As described above, the end 84 of the insert 80
on the radially inner side Dri is fitted on the outer circum-
ferential surface 91b of the positioning part 91 of the re-
taining member 90, while the inner circumferential sur-
face 84a of the end 84 and the outer circumferential sur-
face 91b of the positioning part 91 come in contact with
each other and the sealing interface is formed between
these contact surfaces.
[0083] The effectiveness of the structure of this em-
bodiment in comparison with a structure in which the re-
inforcing member 85 is not provided near the end 84 of
the insert 80 on the radially inner side Dri will be de-
scribed. In the case where the end 84 of the insert 80
comes in contact with the positioning part 91 so as to
form a sealing interface, there are generally two factors
that influence the occurrence of a gap at the sealing in-
terface in a structure not including the reinforcing mem-
ber 85.
[0084] The first factor is that the insert 80 deforms so
as to expand outward in the insert radial direction Dir
under a differential pressure of the cooling air Ac. Spe-
cifically, the outer circumferential surface 80a of the insert
80 deforms outward in the insert radial direction Dir due
to a difference in pressure between the inner cavity 80b
and the insert cavity 81. This is likely to result in a gap
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occurring at the sealing interface between the inner cir-
cumferential surface 84a of the end 84 and the outer
circumferential surface 91b of the positioning part 91.
[0085] The inner cavity 80b into which the cooling air
Ac is supplied from the outer shroud 60o has the highest
pressure. The pressure in the insert cavity 81 on the
downstream side that communicates with the inner cavity
80b through the impingement holes 82 is lower than the
pressure in the inner cavity 80b. Accordingly, the insert
80 deforms outward in the insert radial direction Dir under
the differential pressure between the inner cavity 80b and
the insert cavity 81. As a result, the width dimension (e.g.,
the width dimension h) of the insert 80 in the insert radial
direction Dir increases. For this reason, a gap is likely to
occur at the sealing interface between the inner circum-
ferential surface 84a of the end 84 of the insert 80 and
the outer circumferential surface 91b of the positioning
part 91 of the retaining member 90. This gap causes an
increase in the amount of the cooling air Ac leaking out
from the inner cavity 80b to the insert cavity 81 through
the sealing interface, which incurs a loss of the cooling
air Ac.
[0086] The above example is the case where the seal-
ing interface is formed between the inner circumferential
surface 84a of the end 84 and the outer circumferential
surface 91b of the positioning part 91. In the case where
a sealing interface is formed between the outer circum-
ferential surface 84b of the end 84 and the inner circum-
ferential surface 91a of the positioning part 91, a situation
in which a gap occurs at the sealing interface is different
from that in the above example. In the case of a structure
in which a sealing interface is thus formed between the
outer circumferential surface 84b of the end 84 and the
inner circumferential surface 91a of the positioning part
91, the outer circumferential surface 84b of the end 84
is pressed against the inner circumferential surface 91a
of the positioning part 91. This is because the insert 80
is subjected to the differential pressure between the inner
cavity 80b and the insert cavity 81 that acts in the direction
in which the gap at the sealing interface decreases.
[0087] Thus, depending on the position of the sealing
interface, the influence of the differential pressure, which
is the first factor, is exerted in the direction in which the
gap increases or in the direction in which the gap de-
creases.
[0088] The second factor is that a difference in thermal
elongation between the insert 80 and the retaining mem-
ber 90 in the insert radial direction Dir influences a gap
at the sealing interface. Specifically, the inner circumfer-
ential surface 71a of the airfoil air passage 71 of the airfoil
body 51 is subjected to the heat of the combustion gas
G and expands outward in the insert radial direction Dir.
As a result, the width dimension of the passage cross-
section of the airfoil air passage 71 increases. Here, the
retaining member 90 is fixed to the airfoil body 51. There-
fore, the retaining member 90 tends to expand outward
in the insert radial direction Dir as with the airfoil body 51
so as to follow the movement of the airfoil body 51, so

that the inside diameter of the retaining member 90 in-
creases.
[0089] Since the insert 80 is directly in contact with the
cooling air Ac present inside the inner cavity 80b, the
insert 80 does not reach so high a temperature as the
retaining member 90. Thus, in the case where the sealing
interface is formed between the inner circumferential sur-
face 84a of the end 84 and the outer circumferential sur-
face 91b of the positioning part 91, the outer circumfer-
ential surface 91b of the positioning part 91 expands out-
ward in the insert radial direction Dir.
[0090] The end 84 of the insert 80 has a relatively low
temperature compared with the retaining member 90. Ac-
cordingly, the extent to which the end 84 of the insert 80
expands outward in the insert radial direction Dir is small.
In particular, this tendency is more noticeable with the
end 84 of the insert 80 that is retained free from the airfoil
body 51 than with the end 88 thereof that is fixed to the
airfoil body 51.
[0091] Thus, at the sealing interface, the outer circum-
ferential surface 91b of the positioning part 91 shifts a
larger distance outward in the insert radial direction Dir
than the inner circumferential surface 84a of the end 84.
As a result, the gap at the sealing interface is reduced
by the larger pressing force from the outer circumferential
surface 91b to the inner circumferential surface 84a in
the insert radial direction Dir.
[0092] However, in the case where the sealing inter-
face is formed between the outer circumferential surface
84b of the end 84 and the inner circumferential surface
91a of the positioning part 91, a situation in which a gap
occurs at the sealing interface is different from that in the
above example. In the case of this structure, the shift of
the inner circumferential surface 91a of the positioning
part 91 outward in the insert radial direction Dir exceeds
the shift of the outer circumferential surface 84b of the
end 84 outward in the insert radial direction Dir. Thus, in
this case, a gap is likely to occur at the sealing interface.
[0093] Of the above two factors, the first factor has
more influence on the occurrence of a gap at the sealing
interface. In other words, the dimension of a gap caused
by the first factor, i.e., a gap resulting from deformation
of the insert 80 due to the difference in pressure occurring
between the inner cavity 80b and the insert cavity 81, is
larger than the dimension of a gap caused by the second
factor, i.e., a gap resulting from a shift at the sealing in-
terface due to the difference in thermal elongation occur-
ring between the insert 80 and the retaining member 90.
[0094] The effectiveness of the reinforcing member 85
varies according to whether the sealing interface is lo-
cated on the side of the inner circumferential surface 84a
or the side of the outer circumferential surface 84b of the
end 84. The relationship between the factors contributing
to the occurrence of a gap at the sealing interface and
the effectiveness of the reinforcing member 85 in each
different embodiment will be described in that embodi-
ment.
[0095] In the case of this embodiment, the inner cir-
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cumferential surface 84a of the end 84 and the outer
circumferential surface 91b of the positioning part 91
come in contact with each other, and a sealing interface
is formed therebetween.
[0096] In such a structure, as described above, the dif-
ference in pressure between the inner cavity 80b and the
insert cavity 81 acts in the direction in which the gap at
the sealing interface increases. In such a structure, more-
over, the difference in thermal elongation between the
insert 80 and the retaining member 90 acts in the direction
in which the gap at the sealing interface decreases. How-
ever, the increase in the gap due to the difference in
pressure exceeds the decrease in the gap due to the
difference in thermal elongation as described above, so
that the gap as a whole tends to increase at the sealing
interface.
[0097] In this embodiment, therefore, the structure is
adopted in which the reinforcing member 85 is provided
near the end 84 of the insert 80, for example, adjacently
to and on the radially outer side Dro of the end 84. This
structure enhances the rigidity of the insert 80 near the
end 84 on the radially inner side Dri, and thus suppresses
deformation of the insert 80.
[0098] Thus, the reinforcing member 85 mounted at a
position adjacent to the end 84 of the insert 80 and sep-
arated from the end 84 toward the radially outer side has
an effect of preventing the insert 80 from expanding out-
ward in the insert radial direction Dir, so as to suppress
the occurrence of a gap at the sealing interface and there-
by reduce the loss of the cooling air Ac.
[0099] A cover plate 94 that closes the entire area of
the passage cross-section of the airfoil air passage 71 is
disposed over the opening 71b of the airfoil air passage
71 on the radially inner side Dri. The entire circumference
of the cover plate 94 is fixed by welding etc. to the flange
92 of the retaining member 90. The cover plate 94 may
be fixed by welding etc. to an end of the airfoil body 51
on the radially inner side Dri. In this embodiment, for the
cooling air Ac supplied to the airfoil air passage 71, a
one-sided supply method of supplying the cooling air Ac
to the inner cavity 80b through only the opening 71c of
the airfoil air passage 71 (on the side of the outer shroud
60o) is adopted. Therefore, the cover plate 94 is provided
to close the opening 71b of the airfoil body 51. An exam-
ple of a double-sided supply method of the cooling air Ac
as another embodiment will be described later.
[0100] Fixing the cover plate 94 by welding etc. to the
flange 92 can enhance the rigidity of the retaining mem-
ber 90. With the cover plate 94 thus provided, the cooling
air Ac will not flow through the opening 71b of the airfoil
air passage 71 into the airfoil air passage 71. Moreover,
with the cover plate 94 thus provided, the cooling air Ac
inside the inner cavity 80b will not leak from the airfoil
body 51 to the outside. Since the end 84 of the insert 80
and the positioning part 91 of the retaining member 90
come in contact with each other and the end 84 of the
insert 80 slides in the radial direction Dr, this structure
can absorb thermal elongation of the insert 80 in the radial

direction Dr of the insert.
[0101] Next, the flow of the cooling air Ac will be de-
scribed. The cooling air Ac supplied from the cooling air
passage 45p etc. to the outer shroud 60o flows into the
inner cavity 80b of the insert 80 through the opening (sec-
ond opening) 71c of the airfoil air passage 71 on the
radially outer side Dro. The cooling air Ac supplied to the
inner cavity 80b blows out to the insert cavity 81 through
the large number of impingement holes 82 formed in the
wall of the insert 80. The cooling air Ac having blown out
through the impingement holes 82 to the insert cavity 81
performs impingement cooling on the inner circumferen-
tial surface 71a of the airfoil body 51, and is discharged
through the airfoil surface blow-out passages 72 into the
combustion gas flow passage 49. The airfoil surface is
film-cooled in the process of the cooling air Ac being dis-
charged through the airfoil surface blow-out passages
72. Part of the cooling air Ac flows into the dust housing
space 100 through the vent hole 87 of the reinforcing
member 85 disposed on the radially inner side Dri inside
the insert 80.
[0102] Of part of the cooling air Ac having flowed into
the dust housing space 100, a slight amount of the cooling
air Ac leaks out to the insert cavity 81 through the sealing
interface (contact interface) formed between the end 84
of the insert 80 and the positioning part 91 of the retaining
member 90. The cooling air Ac having thus leaked out is
finally discharged into the combustion gas flow passage
49.
[0103] Therefore, the pressure of the cooling air Ac is
highest inside the inner cavity 80b. The pressure in the
dust housing space 100 is lower than the pressure in the
inner cavity 80b. The pressure in the insert cavity 81 is
even lower than the pressure in the dust housing space
100.
[0104] Accordingly, part of the cooling air Ac inside the
inner cavity 80b flows from the inner cavity 80b into the
dust housing space 100. The cooling air Ac inside the
dust housing space 100 leaks out to the insert cavity 81
through the sealing interface between the inner circum-
ferential surface 84a of the end 84 and the outer circum-
ferential surface 91b of the positioning part 91 of the re-
taining member 90. Thus, a flow of the cooling air Ac
leaking out from the inner cavity 80b to the insert cavity
81 occurs. As a result, dust present inside the inner cavity
80b near the vent hole 87 moves smoothly through the
vent hole 87 into the dust housing space 100, and accu-
mulates at a bottom of the dust housing space 100. Since
only a slight amount of the cooling air Ac leaks out to the
insert cavity 81 through the sealing interface between
the inner circumferential surface 84a of the end 84 and
the outer circumferential surface 91b of the positioning
part 91 of the retaining member 90, the dust inside the
dust housing space 100 is unlikely to be discharged from
the dust housing space 100 to the insert cavity 81.
[0105] The above-described structure is a structure in
which the cooling air Ac is supplied through the opening
71c of the airfoil air passage 71 on the side of the outer
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shroud 60o. Alternatively, a structure in which the cooling
air Ac is supplied through the opening 71b of the airfoil
air passage 71 in the inner shroud 60i may be adopted.
In this case, the retaining member 90, the cover plate 94,
the reinforcing member 85, and the dust housing space
100 are disposed near the opening 71c of the airfoil air
passage 71 at the end 88 on the radially outer side Dro.
As the names of the ends of the airfoil body 51 in the
radial direction, the end on the side where the insert 80
is fixed to the end edge of the airfoil body 51 is sometimes
referred to as a second end, and the end on the opposite
side in the radial direction is sometimes referred to as a
first end. The ends of the airfoil air passage 71 and the
insert in the radial direction are sometimes referred to in
accordance with those names of the airfoil body.

Airfoil Manufacturing Method

[0106] The retaining member, the insert assembly, the
airfoil, and the gas turbine of this embodiment have the
configurations as described above. Next, a method of
manufacturing the airfoil of this embodiment will be de-
scribed in accordance with the drawings.
[0107] FIG. 6 is a flowchart of an airfoil manufacturing
method in an embodiment of the present invention.
[0108] First, the insert 80 insertable into the airfoil air
passage 71 (cavity) that is formed so as to extend from
the outer shroud 60o to the inner shroud 60i of the airfoil
body 51 is formed (step S01).
[0109] Next, end edges of the main body 85a of the
reinforcing member 85 are bent at a right angle toward
the radially inner side Dri to form the mount portions 85b.
[0110] Next, the mount portions 85b of the reinforcing
member 85 are fixed to the inner circumferential surface
84a of the insert 80 on both sides. Specifically, the mount
portions 85b of the reinforcing member 85 are fixed by
welding etc. Here, the mount portions 85b are fixed to
the inner circumferential surface 84a at a position adja-
cent to and on the radially outer side Dro of the end 84
of the insert 80, which is the inner circumferential surface
84a on both sides of the insert 80 facing each other in
the insert radial direction Dir. As the mount portions 85b
are thus fixed, the reinforcing member 85 is integrated
with the insert 80 (step S02).
[0111] Similarly, the retaining member 90 that allows
the end 84 of the insert 80 to be positioned relative to the
airfoil air passage 71 is formed (step S03).
[0112] The order in which the step of forming the insert
80 and the step of forming the retaining member 90 are
performed is merely an example, and is not limited to the
above order.
[0113] Next, the positioning protrusion 93 of the retain-
ing member 90 is fitted into the opening 71b of the airfoil
air passage 71, and the flange 92 of the retaining member
90 is fixed by welding etc. to the rim of the opening 71b
of the airfoil air passage 71 (step S04).
[0114] Thereafter, the insert 80 is inserted into the air-
foil air passage 71 through the opening 71c of the airfoil

air passage 71 on the radially outer side Dro that is on
the opposite side from the opening 71b in which the re-
taining member 90 is mounted. Moreover, the end 84 of
the insert 80 is fitted on the positioning part 91 of the
retaining member 90 to position the end 84 of the insert
80 (step S05).
[0115] Then, the end 88 of the insert 80 on the radially
outer side Dro is fixed by welding etc. to the rim of the
opening of the airfoil air passage 71 (step S06).
[0116] According to the insert assembly 79 of the
above embodiment, the reinforcing member 85 can en-
hance the rigidity of the insert 80 near the end 84 of the
insert 80. Thus, it is possible to suppress leakage of the
cooling air Ac to the insert cavity 81 through the sealing
interface between the end 84 of the insert 80 and the
retaining member 90 that constitute parts of the insert
assembly 79. As a result, it is possible to improve the
cooling performance of the gas turbine and suppress a
decrease in thermal efficiency.
[0117] The above-described insert assembly, airfoil,
and gas turbine structure can suppress leakage of cool-
ing air from the insert assembly and prevent a decrease
in the thermal efficiency of the gas turbine.
[0118] Moreover, according to the insert assembly of
the above embodiment, the dust housing space 100 can
be formed between the reinforcing member 85 and the
cover plate 94 (retaining member 90). Furthermore, dust
can be moved from the inner cavity 80b of the insert 80
into the dust housing space 100 through the vent hole
87 formed in the reinforcing member 85. As a result, dust
can be housed in the dust housing space 100, so that
the dust can be prevented from clogging the impingement
holes 82 of the insert 80 and the reliability can be im-
proved.
[0119] In this embodiment, the vent hole 87 is provided
in the reinforcing member 85, and the dust housing space
100 is disposed on the radially inner side Dri of the rein-
forcing member 85 to realize the function of removing
dust contained in the cooling air Ac. However, the vent
hole may be omitted from the reinforcing member 85. In
other words, the reinforcing member 85 may be a mem-
ber intended only to enhance the rigidity of the insert 80.

Second Embodiment

[0120] The structure of a second embodiment will be
described with reference to FIG. 7.
[0121] This embodiment is different from the first em-
bodiment in that the retaining member 90 and the cover
plate 94 of the first embodiment are integrated into one
retaining member 110. Specifically, the insert assembly
79 of this embodiment is formed by the insert 80 and the
retaining member 110. In the second embodiment, a
structure for the one-sided supply method of supplying
the cooling air Ac through the opening 71c of the airfoil
air passage 71 in the outer shroud 60o will be described
as an example.
[0122] A plate-shaped flange 112 that closes the open-
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ing 71b of the airfoil air passage 71 is disposed at the
end of the airfoil body 51 on the radially inner side Dri.
In the retaining member 110, an annular thin plate-
shaped positioning part 111 protruding from the flange
112 toward a leading end on the radially outer side Dro
is formed. An inner circumferential surface 111a of the
positioning part 111 comes in contact with the outer cir-
cumferential surface 84b of the end 84 of the insert 80
to form a sealing interface.
[0123] The first embodiment is the structure in which
the outer circumferential surface 91b of the positioning
part 91 is fitted on the inner side of the inner circumfer-
ential surface 84a of the end 84 of the insert 80, and the
sealing interface at which the end 84 of the insert 80 and
the positioning part 91 come in contact with each other
is formed on the side of the outer circumferential surface
91b of the positioning part 91.
[0124] By contrast, the second embodiment is a struc-
ture in which the inner circumferential surface 111a of
the positioning part 111 of the retaining member 110 is
fitted on the outer side of the outer circumferential surface
84b of the end 84 of the insert 80. Thus, unlike the sealing
interface of the first embodiment, the sealing interface at
which the end 84 of the insert 80 and the positioning part
111 come in contact with each other in the second em-
bodiment is formed on the side of the inner circumferen-
tial surface 111a of the positioning part 111. In the second
embodiment, too, the difference in thermal elongation
between the insert 80 and the airfoil body 51 in the radial
direction Dr is absorbed as the end 84 of the insert 80
slides relative to the retaining member 110 in the radial
direction Dr at the sealing interface.
[0125] A positioning protrusion 113 is formed between
the flange 112 and the positioning part 111. The posi-
tioning protrusion 113 has a side surface 113a protruding
in the insert radial direction Dir. In the insert radial direc-
tion Dir, the side surface 113a of the positioning protru-
sion 113 has a larger diameter than an outer circumfer-
ential surface 111b of the positioning part 111, and has
a smaller diameter than the inner circumferential surface
71a of the airfoil air passage 71. The side surface 113a
of the positioning protrusion 113 serves to position the
retaining member 110 relative to the airfoil body 51 in the
insert radial direction Dir when the retaining member 110
is to be fitted in the opening 71b of the airfoil air passage
71. The flange 112 is fixed by welding etc. to the airfoil
body 51 after being positioned relative to the airfoil body
51 in the insert radial direction Dir.
[0126] The other components including the insert 80
are the same as in the first embodiment. Therefore, the
same components as in the first embodiment will be de-
noted by the same name and the same reference sign
to omit detailed description thereof. Also in the case
where this embodiment is applied to a structure for the
one-sided supply method of supplying the cooling air Ac
through the opening 71b of the airfoil air passage 71 in
the inner shroud 60i, as in the above-described case of
the outer shroud 60o, the retaining member 110, the re-

inforcing member 85, and the dust housing space 100
can be disposed near the opening 71c of the airfoil air
passage 71 at the end 88 on the radially outer side Dro.
The airfoil manufacturing method is also the same as in
the first embodiment, and therefore detailed description
thereof will be omitted.
[0127] This embodiment is a structure in which the out-
er circumferential surface 84b of the end 84 of the insert
80 comes in contact with the inner circumferential surface
111a of the positioning part 111 of the retaining member
110. In the case of this embodiment, therefore, the gap
at the sealing interface formed between the outer circum-
ferential surface 84b of the end 84 and the inner circum-
ferential surface 111a of the positioning part 111 de-
creases due to the difference in pressure between the
inner cavity 80b and the insert cavity 81. The gap at the
sealing interface formed between the outer circumferen-
tial surface 84b of the end 84 and the inner circumferential
surface 111a of the positioning part 111 increases due
to the difference in thermal elongation between the insert
80 and the retaining member 110.
[0128] However, the gap at the sealing interface de-
creases as a whole, since the factor of the difference in
pressure has more influence on the occurrence of a gap
at the sealing interface than the factor of the difference
in thermal elongation as described above.
[0129] In the case of the structure of the second em-
bodiment, the sealing effect at the sealing interface may
be not sufficiently secured unless the reinforcing member
85 is provided near the end 84. Specifically, when the
reinforcing member 85 is not provided, the insert 80 de-
forms so as to expand outward in the insert radial direc-
tion Dir due to the difference in pressure. However, a part
of the insert 80 near the end 84 is restrained from ex-
panding in the insert radial direction Dir by the inner cir-
cumferential surface 111a of the positioning part 111. In
other words, a part of the insert 80 extending toward the
radially outer side Dro beyond a leading end of the posi-
tioning part 111 in the radial direction Dr expands outward
in the insert radial direction Dir without being restrained
by the positioning part 111.
[0130] Therefore, with end edge of the inner circum-
ferential surface 111a of the positioning part 111 on the
radially outer side Dro serving as a contact point, the part
of the end 84 of the insert 80 farther on the radially outer
side Dro than this contact point deforms outward in the
insert radial direction Dir. The part of the insert 80 farther
on the radially inner side Dri than the contact point de-
forms inward in the insert radial direction Dir.
[0131] Thus, the outer circumferential surface 84b of
the end 84 and the inner circumferential surface 111a of
the positioning part 111 are not in surface contact with
each other at the sealing interface. The end edge of the
inner circumferential surface 111a of the positioning part
111 on the radially outer side Dro and the outer circum-
ferential surface 84b of the end 84 come in contact with
each other in the form of line contact. Since the sealing
effect cannot be sufficiently secured in this line contact
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state, it is important to provide the reinforcing member
85 near the end 84 so as to enhance the rigidity of the
insert 80 near the end 84 and secure the sealing effect.
In this embodiment, too, the reinforcing member is effec-
tive in preventing deformation of the insert near the end
84 as described above.
[0132] The structure in which a sealing interface is
formed on the outer circumferential surface 834b of the
end 84 can also be adopted in the first embodiment. In
this case, too, it is effective to provide the reinforcing
member 85 near the end 84 as in the second embodi-
ment.
[0133] The reinforcing member 85 in the second em-
bodiment may be a member that is not provided with a
vent hole and intended only to enhance the rigidity of the
insert 80.

Third Embodiment

[0134] The structure of a third embodiment will be de-
scribed with reference to FIG. 8.
[0135] Unlike the first embodiment and the second em-
bodiment, the third embodiment is applied to an airfoil
structure in which the cover plate is not provided over
the opening of the airfoil air passage 71, and which is for
the double-sided supply method of introducing the cool-
ing air Ac through the openings of the airfoil air passage
71 on both sides. Specifically, the insert assembly 79 of
the third embodiment is composed of the insert 80, the
reinforcing member 85, and the retaining member 90. In
the first embodiment and the second embodiment, the
cooling air Ac is supplied to the inner cavity 80b through
only the opening 71c of the airfoil air passage 71 in the
outer shroud 60o. The third embodiment is a structure
that allows the cooling air Ac to be supplied to the inner
cavity 80b through the openings 71b, 71c of the airfoil air
passage 71 on both sides in the outer shroud 60o and
the inner shroud 60i. The third embodiment is the same
as the other embodiments in that the reinforcing member
85 is provided near the end 84 of the insert 80 on the
radially inner side Dri, for example, adjacently to and on
the radially outer side Dro of the end 84. However, the
structure of this reinforcing member 85 is different from
that in the other embodiments in that the reinforcing mem-
ber 85 functions as a flow regulating plate that adjusts
the flow rate of the cooling air Ac. A large number of vent
holes 87 (through-holes) are formed in the main body
85a of the reinforcing member 85. It is possible to adjust
the flow rate of the cooling air Ac flowing in through the
vent holes 87 by varying the number or the hole diameter
of the vent holes 87 in the main body 85a formed as a
porous plate.
[0136] As shown in FIG. 8, the shape and the structure
of the retaining member 90 are substantially the same
as those in the first embodiment. The leading end of the
positioning part 91 of the retaining member 90 on the
radially outer side Dro is fitted on the inner circumferential
surface 84a of the end 84 of the insert 80. Thus, the inner

circumferential surface 84a of the end 84 of the insert 80
and the outer circumferential surface 91b of the position-
ing part 91 come in contact with each other, and a sealing
interface is formed therebetween. This structure is also
the same as in the first embodiment. Although this is not
shown, in the case of the third embodiment, an outer
flange is formed at the end 88 of the insert 80 on the
radially outer side Dro as in the first embodiment. This
outer flange is fixed by welding etc. to the end edge of
the airfoil body 51. Thus, the insert 80 thermally expands
so as to extend toward the radially inner side Dri, and
this thermal elongation of the insert 80 is absorbed as it
slides at the sealing interface in the radial direction Dr.
This structure is also the same as in the first embodiment.
As with the second embodiment, the third embodiment
may also be a structure in which the outer circumferential
surface 84b of the end 84 of the insert 80 and the inner
circumferential surface 91a of the positioning part 91
come in contact with each other and a sealing interface
is formed therebetween.
[0137] Except that the reinforcing member 85 is a flow
regulating plate having the large number of vent holes
87 and that the cover plate 94 is not provided over the
opening 71b of the airfoil air passage 71 on the radially
inner side Dri, the configuration is the same as in the first
embodiment. The same components as in the first em-
bodiment will be denoted by the same name and the
same reference sign to omit detailed description thereof.
[0138] The reinforcing member 85 intended to adjust
the flow rate is provided near the end 84 on the radially
inner side Dri of the airfoil body 51. Thus, it is possible
to adjust the amount of cooling air discharged through
the impingement holes 82, as well as to enhance the
rigidity of the insert 80 on the radially inner side Dri. There-
fore, also in the third embodiment, the reinforcing mem-
ber 85 has an effect of preventing expansion of the gap
at the sealing interface formed between the inner circum-
ferential surface 84a of the end 84 and the outer circum-
ferential surface 91b of the positioning part 91. In other
words, the reinforcing member 85 has an effect of pre-
venting expansion of the gap at the sealing interface due
to the influence of the difference in pressure between the
inner cavity 80b and the insert cavity 81 and the differ-
ence in thermal elongation between the insert 80 and the
retaining member 90.
[0139] Specifically, the reinforcing member 85 dis-
posed near the end 84, adjacently to and on the radially
outer side Dro of the end 84, prevents the insert 80 from
expanding outward in the insert radial direction Dir. This
has an effect of suppressing an increase in the loss of
the cooling air Ac incurred as the cooling air Ac leaks out
to the insert cavity 81 through the sealing interface be-
tween the positioning part 91 of the retaining member 90
and the end 84 of the insert 80.
[0140] Although this is not shown, in the third embod-
iment, the reinforcing member 85 that has a flow regu-
lating plate and is intended to adjust the flow rate may
be provided in the opening 71c of the airfoil air passage
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71 on the radially outer side Dro (on the side of the outer
shroud 60o).

Modified Example

[0141] A modified example of the insert of the third em-
bodiment will be described with reference to FIG. 9.
[0142] The insert 80 in the first embodiment to the third
embodiment is provided with the reinforcing member 85
near the end 84 of the insert 80 on the radially inner side
Dri, for example, adjacently to and on the radially outer
side Dro of the end 84. The reinforcing member 85 is
disposed so as to cover the entire area of the passage
cross-section of the inner cavity 80b of the insert 80. The
insert 80 in this modified example has the same structure
as in the other embodiments in that a reinforcing member
86 is provided near the end 84 of the insert 80 on the
radially inner side Dri. However, the structure of the re-
inforcing member 86 is different from that in the other
embodiments in that the reinforcing member 86 does not
cover the entire area of the passage cross-section of the
inner cavity 80b but is provided only at a part of the pas-
sage cross-section.
[0143] As shown in FIG. 9, the reinforcing member 86
is disposed between the two inner circumferential sur-
faces 80c of the insert 80 facing each other in the insert
radial direction Dir of the insert 80. As in the other em-
bodiments, end edges of the reinforcing member 86 in a
longitudinal direction are bent at a right angle toward the
radially inner side Dri to form mount portions 86b. The
mount portions 86b are fixed by welding etc. to the inner
circumferential surfaces 80c of the inert 80. No vent hole
is formed in a main body 86a of the reinforcing member
86 of this modified example.
[0144] In this modified example, the end 88 of the insert
80 on the side of the outer shroud 60o is fixed by welding
etc. to the end edge of the airfoil body 51 on the radially
outer side Dro. The retaining member 90 is fixed by weld-
ing etc. to the end edge of the airfoil body 51 on the side
of the inner shroud 60i. A sealing interface is formed be-
tween the end 84 of the insert 80 and the retaining mem-
ber 90. A difference in thermal elongation of the insert
80 in the radial direction Dr is absorbed as the insert 80
slides at the sealing interface in the radial direction Dr.
Alternatively, the end of the insert 80 may be fixed to the
airfoil body 51 on the side of the inner shroud 60i. In this
structure, the retaining member 90 is disposed on the
side of the outer shroud 60o. Moreover, in this structure,
the sealing interface at which the insert 80 and the re-
taining member 90 come in contact with each other is
disposed near the opening 71c of the airfoil air passage
71 on the radially outer side Dro.
[0145] The other components are the same as in the
third embodiment, and therefore the same components
will be denoted by the same name and the same refer-
ence sign to omit detailed description thereof. For a sec-
tion of the radially inner side Dri of the insert 80 of this
modified example as seen from the insert radial direction

Dir, the sectional view of the third embodiment (FIG. 8)
shown in FIG. 8, with the reinforcing member 85 replaced
with the reinforcing member 86, can be referred to.
[0146] According to the structure shown in this modi-
fied example, the reinforcing member 86 is provided near
the end 84 of the insert 80 on the radially inner side Dri,
for example, adjacently to and on the radially outer side
Dro of the end 84. Thus, the rigidity of the insert 80 near
the end 84 on the radially inner side Dri is enhanced. As
a result, it is possible to suppress an increase in the
amount of loss of the cooling air Ac incurred as part of
the cooling air Ac supplied to the airfoil air passage 71
leaks to the insert cavity 81 through the sealing interface
between the end 84 of the insert 80 and the positioning
part 91 of the retaining member 90.
[0147] The insert 80 shown in this modified example
can also be applied to the first embodiment and the sec-
ond embodiment. In this case, a space on the radially
inner side Dri from the reinforcing member 86 also con-
stitutes part of the inner cavity 80b, and the dust housing
space 100 is not formed. Applying the reinforcing mem-
ber 86 shown in this modified example to the first em-
bodiment and the second embodiment can enhance the
rigidity of the insert 80 near the end 84. It is therefore
possible to suppress leakage of part of the cooling air Ac
inside the inner cavity 80b to the insert cavity 81 through
the sealing interface between the end 84 of the insert 80
and the retaining members 90, 110.
[0148] The airfoils of the above embodiments and
modified example have the insert assemblies described
above, so that the rigidity of the insert 80 near the end
84 of the insert 80 can be enhanced by the reinforcing
members 85, 86. Moreover, it is possible to suppress
leakage of the cooling air Ac to the insert cavity 81 through
the sealing interface between the end 84 of the insert 80
and the retaining members 90, 110 that constitute parts
of the insert assembly 79. Furthermore, the cooling per-
formance of the airfoil can be improved.
[0149] The gas turbine of the above embodiments in-
cludes the airfoil described above, and therefore the cool-
ing performance of the airfoil can be improved and the
merchantability of the gas turbine can be improved.
[0150] The airfoil manufacturing method of the embod-
iments and the modified example allows the insert 80 to
be disposed at its correct position relative to the airfoil
air passage 71 by a simple procedure. Thus, airfoil as-
sembly does not require skillfulness, and burden on as-
sembly workers can be relieved.
[0151] The present invention is not limited to the above
embodiments, but includes these embodiments with var-
ious modifications added thereto within the scope of the
gist of the invention. Thus, the specific shapes, configu-
rations, etc. presented in the embodiments are merely
examples and can be modified as appropriate.

Industrial Applicability

[0152] The insert assembly of the present invention
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can stably maintain excellent sealing performance, and
can thereby suppress a decrease in thermal efficiency
of the gas turbine. Moreover, the insert assembly of the
present invention allows easy assembly and can secure
stable cooling performance of the airfoil.

Reference Signs List

[0153]

10 Gas turbine
11 Gas turbine rotor
15 Gas turbine casing
20 Compressor
21 Compressor rotor
22 Rotor shaft
23 Rotor blade stage
23a Rotor blades
25 Compressor casing
26 Stator vane stage
26a Stator vane
30 Combustor
40 Turbine
41 Turbine rotor
42 Rotor shaft
42p Cooling air passage
43 Rotor blade stage
43a Rotor blade
45 Turbine casing
45a Outer casing
45b Inner casing
45c Ring segment
45p Cooling air passage
46 Stator vane stage
46a Stator vane
49 Combustion gas flow passage
51 Airfoil body
52 Leading edge
53 Trailing edge
54 Suction-side surface
55 Pressure-side surface
60i Inner shroud
60o Outer shroud
64 Gas path surface
65 Peripheral wall
66 Recess
71 Airfoil air passage
71a Inner circumferential surface (inner wall surface)
71b, 71c Opening
72 Airfoil surface blow-out passage
79 Insert assembly
80 Insert
80a Outer circumferential surface
80b Inner cavity
80c Inner circumferential surface
81 Insert cavity
82 Impingement hole (cooling hole)
83 Seal dam

84,88 End
84a Inner circumferential surface
84b Outer circumferential surface
85, 86 Reinforcing member
85a Main body
85b Mount portion
86b Mount portion
87 Vent hole (through-hole)
90, 110 Retaining member
91, 111 Positioning part
91a, 111a Inner circumferential surface
91b, 111b Outer circumferential surface
92, 112 Flange
92a Side surface
93, 113 Positioning protrusion
93a, 113a Side surface
94 Cover plate
100 Housing space
A Air
Ac Cooling air
Ar Axis
Da Axial direction
Dad Downstream side
Dau Upstream side
Dc Circumferential direction
Dr Radial direction
Dri Radially inner side
Dro Radially outer side
Dir Insert radial direction
G Combustion gas
GEN Generator
w1 Welded joint
w2 Welded joint

Claims

1. An insert assembly that is disposed inside a turbine
airfoil composed of an airfoil body and an outer
shroud and an inner shroud formed respectively at
both ends of the airfoil body in a radial direction, and
that is provided inside an airfoil air passage through
which cooling air is supplied into the airfoil body, the
insert assembly comprising:

an insert that is formed as a cylindrical body hav-
ing a plurality of cooling holes and is fixed to an
end of the airfoil body on one side in the radial
direction;
a plate-shaped reinforcing member that is pro-
vided inside the insert, extends in a direction or-
thogonal to the radial direction, is fixed at both
ends to an inner circumferential surface of the
cylindrical body, and is disposed adjacent to an
end of the cylindrical body on the other side in
the radial direction; and
an annular retaining member that is fixed to an
end of the airfoil body on the other side in the
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radial direction, comes in contact with an end of
the insert so as to form a sealing interface on
which the insert is slidable in the radial direction,
and allows the insert to be positioned relative to
the airfoil body in a direction orthogonal to the
radial direction.

2. The insert assembly according to claim 1, wherein
the sealing interface is formed on an inner circum-
ferential surface of the end of the insert.

3. The insert assembly according to claim 1, wherein
the sealing interface is formed on an outer circum-
ferential surface of the end of the insert.

4. The insert assembly according to any one of claims
1 to 3, wherein
the retaining member has an L-sectional shape that
is tapered toward the one end in the radial direction,
and
the retaining member includes:

an annular positioning part that is formed at a
leading end on a side of the one end in the radial
direction;
a positioning protrusion that is provided adjacent
to the positioning part, on a side of the other end
in the radial direction, and has a larger diameter
than the positioning part; and
a flange that is provided adjacent to the posi-
tioning protrusion, on the side of the other end
in the radial direction, has a larger diameter than
the positioning protrusion, and is fixed to the air-
foil body.

5. The insert assembly according to claim 4, wherein
the positioning part is fitted in the radial direction on
the end of the insert.

6. The insert assembly according to claim 4, wherein
the positioning protrusion has a side surface thereof
fitted in an opening of the airfoil air passage on the
side of the one end.

7. The insert assembly according to any one of claims
1 to 6, wherein the reinforcing member is formed so
as to cover the entire area of a passage cross-section
of an inner cavity surrounded by the insert.

8. The insert assembly according to any one of claims
1 to 7, wherein the reinforcing member has at least
one through-hole.

9. The insert assembly according to claim 8, further
comprising a cover plate that closes an opening pro-
vided at the other end of the airfoil body.

10. The insert assembly according to claim 9, wherein

the through-hole formed in the reinforcing member
is a vent hole through which dust accumulating in a
space inside the insert is removed,
the insert has a dust housing space surrounded by
the reinforcing member and the cover plate, and
the retaining member is formed so as to be fittable
in the insert with the sealing interface therebetween.

11. The insert assembly according to claim 9, wherein
the cover plate is fixed to the retaining member and
the retaining member is integrated with the cover
plate.

12. An airfoil comprising the insert assembly according
to any one of claims 1 to 11.

13. A gas turbine comprising the airfoil according to
claim 12.

14.  An airfoil manufacturing method comprising the
steps of:

forming an insert that is insertable into an airfoil
air passage that is formed so as to extend from
an outer shroud to an inner shroud of an airfoil;
fixing a reinforcing member to an inner circum-
ferential surface of the insert so as to integrate
the reinforcing member with the insert;
forming a retaining member that allows a first
end of the insert to be positioned relative to the
vane air passage;
fixing a flange of the retaining member to a rim
of a first opening of the vane air passage;
inserting the insert into the vane air passage
through a second opening located on the oppo-
site side from the first opening in which the re-
taining member is mounted, and positioning the
first end of the insert by the retaining member;
and
fixing a second end of the insert to a rim of the
second opening of the vane air passage.

27 28 



EP 3 392 462 A1

16



EP 3 392 462 A1

17



EP 3 392 462 A1

18



EP 3 392 462 A1

19



EP 3 392 462 A1

20



EP 3 392 462 A1

21



EP 3 392 462 A1

22



EP 3 392 462 A1

23



EP 3 392 462 A1

24



EP 3 392 462 A1

25

5

10

15

20

25

30

35

40

45

50

55



EP 3 392 462 A1

26

5

10

15

20

25

30

35

40

45

50

55



EP 3 392 462 A1

27

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2016031195 A [0002] • JP 2012246785 A [0006]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

